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Chemistry of Some Amino Acid Derivatives of
Phenoxvalkylbutyric Acids

INTRODUCTION |

THIS paper reports on the synthesis and properties of 38 new herbi-
cides, amino acid derivatives of 4—(2,4-dichlorophenoxy)- and
4—(2-methyl-4—chlorophenoxy)butyric acids. The biological evalu-
ation of the compounds as selective herbicides is being conducted by
other investigators and will be published later.

In the past 18 years major advances have been made in the regu-
lation of plant growth by use of synthetic organic compounds. Many
of these new synthetics have reached commercial production and
are widely utilized as herbicides. The most prominent among these
have been the variously substituted phenoxyalkylcarboxylic acids.
The literature abounds with reports on their structural configura-
tion in relation to mode of action, growth-regulating properties and
selective herbicidal properties. These researchers were stimulated by
the early work on 2,4—dichlorophenoxyacetic acid and other related
compounds triggered by such preparative contributions as Pokorny’s
(7) in 1941. Shaw and Gentner (9) in their paper on the selective
herbicidal properties of substituted phenoxyalkylcarboxylic acids
have briefly reviewed the literature on some of the most significant
contributions concerning the biological activity of these acids.

Preliminary investigations 28 have shown that the chemical attach-
ment of an amino acid through amide linkage to variously sub-
stituted phenoxycarboxylic acids affects the selective herbicidal
properties of the latter. The effect seems to depend upon the type of
amino acid and its optical configuration. The optimum effect
observed so far has been with an amino acid phenoxy—«—propionic
acid series. Preliminary screening tests® (3, 4, 5) designed to measure
growth-regulating activity of these compounds have been in close
agreement with herbicidal evaluation data. Activity tests have
shown, for instance, a wide difference in the behavior pattern of
compounds made from D-, L- and DL- optical forms of amino acids.
This difference was greater in the «—propionic acid* (3) than in the

1Chemists, Eastern Regional Research Laboratory, Eastern Utilization Research
and Development Division, Agricultural Research Service, U. S. Dept. of Agri-
culture, Phila. 18, Pa. Present address: T. F. Drake, Courtaulds, Inc.,” Mobile,
Alabama. ; ) -

°Gentner, W. A., and Shaw, W. C. An evaluation of several chemicals for their
herbicidal properties—1957 field results. USDA Progress Report CR-25-58, ARS,
Plant Industry Station, Beltsville, Maryland, January 1958, 59 p.

sGentner, W. A., and Shaw, W. C. An evaluation of several chemicals for their
herbicidal properties—1958 field results. USDA Progress: Report CR-6-59, ARS,
Plant Industry Station, Beltsville, Maryland, January 1959, 68 p.

4Shaw, W. C., and Gentner, W. A. Unpublished data.

sKrewson, C. F., Carmichael, J. F., Drake, T. F., Smale, B. C., and Mitchell, J. W.
Growth Regulators. Synthesis and preliminary evaluations of amino acid deriva-
tives of DL-2—(2,4,5—trichlorophenoxy)propionic acid. J. Agr. & Food Chem. In
press.
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acetic acid* (4, 5) series of phenoxy compounds tested. In most cases
D-amino acid derivatives possessed little or no activity and L- and
DL- derivatives possessed from a low to high order of activity com-
pared with the parent acid depending upon the plant tested and
the amino acid utilized.

OBJECTIVE OF THESE INVESTIGATIONS

The purpose of the studies reported herein is two-fold: (1) to cre-
ate new and useful compounds from!' naturally occurring source
materials of agricultural origin such as amino acids; and (2) through
cooperative studies, to expand knowledge of the selective herbicidal
properties®3 of the phenoxycarboxylic acids by extending the prepa-
ration of amino acid derivatives® (3, 4, 5, 6) to include the most
important of the variously substituted phenoxybutyric acids, 4—(2,4—
DB) and 4-(MCPB). This latter objective is to be accomplished by
investigating the relation of structural configuration to specificity,
mode of action, and herbicidal effectiveness of the compounds, for
the control of weeds in a number of important crops. In this con-
nection, Wain (10) has stated: “Reviewing the evidence at present
available, it would seem that the principle underlying the use of
y—(2-methyl-4-chlorophenoxy)butyric acid, y—(2,4-dichlorophe-
noxy)butyric acid, and other aryloxybutyric, caproic, and octanoic
acids represents a new advance in the field of selective weed control,
a development which well illustrates the value of fundamental inves-
tigations in furthering the progress {)f applied research.”

SYNTHESIS OF AMINO AcCIip DERIVATIVES
oF 4-(2,4-DB) anD 4-(MCPB)

For the preparation of amino acid derivatives of these phenoxy
compounds procedures similar to those previously described (3,4, 5,
6, 11) were employed. The amino acids and the two aryloxybutyric
acids used in this work were the best obtainable through commercial
sources.5

For amide coupling with the amino acids the 4—(2,4-DB) and
4-(MCPB) were first converted into their acyl chlorides (2, 5). The
following description illustrates the procedure used to prepare both
acyl chlorides.

4—~(24-Dichlorophenoxy)butyryl chloride. This intermediate was
prepared in 89.1% vyield by the reaction of 249.1 grams (1.0 M) of
4-(2,4-DB) (I) with 158.0 grams (1.33 M) of thionyl chloride. The
mixture was refluxed on a steam-bath for 4 hours, allowed to stand
overnight protected from air moisture and then distilled under
reduced pressure. A main fraction of 239.0 grams distilling at 186
140° C. under 0.2 mm pressure with a constant index of refraction,
n%y, 1.5465 was collected following the discard of a small forerun

‘Supplied through the countesy of Amchem Products, Inc., Ambler, Pennsyl-
vania, and May and Baker, Ltd., Daggenham, England. Mention of company or
product does not constitute endorsement. by the Department over others not
named.
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fraction. The product (II) consisted of a colorless,” supercooled
liquid which crystallized upon refrigeration. The melting range of
this material was 17.0-22.0° C. (uncorr.).

Analyses for CioHyCl3Os: Calc’d. (%) . Found (%)
Carbon 44.89 44.93
Hydrogen 3.39 3.88 -
Chlorine 39.76 39.43
(1 _S—--0—(CH),C00H 50Ck  C1—{_3—~0—(CH):COC!
— . — »
Cl Cl
1 1I ‘

4—(2-Methyl-4—chlorophenoxy)butyryl chloride. This compound
was prepared in 73.5% yield using the same techniques as described
above for the 4-(2,4-DB) chloride. Its boiling range was 115-122° C.
at 0.2 mm with a constant index of refraction, n?p, 1.5340. The
product also consisted of a colorless, supercooled liquid which
crystallized when stored in the refrigerator. It melted at 5.0-9.0° C.

Analyses for C;;H;,Cl,0,: Calc'd. (%) Found (%)
Carbon 53.46 53.45
Hydrogen 4.90 5.19
Chlorine  28.70 28.62

N-[4—~(2.4-Dichlorophenoxy)butyryl|-DL—-phenylalanine. The
following details are included to illustrate the general procedure
used to prepare the amino acid derivatives of both 4-(2,4-DB) and
4—(MCPB): To 5.0 grams (0.03 M) of DL-phenylalanine (ILI) dis-
solved in 90 ml. of chilled 1 N sodium hydroxide solution was added
dropwise with mechanical stirring 25 ml. of a cold (5° C.) benzene
solution containing 8.0 grams of 4—(2,4-dichlorophenoxy)butyryl
chloride. The addition of the benzene solution required 15-20
minutes. A temperature of 5° C. was maintained throughout the
addition. Following the addition of all the benzene solution the
reaction mixture, with constant stirring, was allowed to warm up
to room temperature; stirring was continued for three hours.

The alkaline reaction mixture was extracted three times, once
with about 50 ml. and twice with 25 ml. of diethyl ether. The com-
bined ether extracts were washed once with about 25 ml. of dis-
tilled water, the latter being returned to the original alkaline aque-

cx—<_:l S—o—(mycoct  HN—CH—CB— )
al ‘ ‘

COOH
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ous solution. This solution was then acidified with 1 N hydrochloric
acid using Congo Red test paper following which it was placed in
the refrigerator for an overnight period. The product (IV) was
filtered off, washed with water to remove excess acid and dried to
constant weight in a vacuum desiccator. The weight of the crude
product was 11.0 grams (92.2% yield), m.p. 121-130° C. (Kofler
micro melting point apparatus).

The crude product was dissolved in hot ethyl acetate, precipitated
with petroleum ether (boiling range 63-70° C.), and allowed to
remain in the refrigerator overnight. The crystals were filtered off,
thoroughly washed with hot petroleum ether and dried to constant
weight. ‘This recrystallization raised the melting point to 185-189° C.
The product was again recrystallized from the same solvent system.
The melting point of the refined produce was 140-141° C.; it
weighed 9.36 grams (78.89% yield). .

Analyses for C;yH,,CI,NO,: Calc’d. (%) Found (%)
Chlorine  17.89 17.68
Nitrogen 3.53 3.58

See Tables 1 and 2 for data on this and other amino acid derivatives
prepared.

DiscussioN oF CHEMISTRY

In the preparation of most amino acid derivatives of 4-(2,4-DB)
and 4-(MCPB) the crude products separated either as crystalline
white solids or colorless oils which often crystallized on prolonged
standing at about 5° C. Occasionally these oils did not crystallize
at low temperatures. After thorough washing with water they were
submitted to continuous evacuation which usually produced amor-
phous solids. These solids were then recrystallized in the manner
previously described.

Repeated recrystallization of some derivatives was necessary to
obtain satisfactory chemical and optical purity. The solvent combi-
nations required have been indicated by footnotes in Tables 1 and
2. In these refinements of crude amino acid derivatives no attempts
were made to improve yields by working up mother liquors from the
recrystallizations.

Although one or more attempts were made to prepare D-, L-, and
DL- aspartic acid derivatives of 4-(2,4-DB) and 4-(MCPB) only
one was successful, that of DL-aspartic acid with 4-(MCPB). This
same experience has been encountered in attempting to prepare
the three aspartic acid derivatives of DL-2-(2,4,5-trichlorophe-
noxy)propionic acid®; only the DL-aspartic acid derivative was
successfully isolated. However, this was not found to be the case
with aspartic acid derivatives of DIL-2—(2,4~dichlorophenoxy)pro-
pionic acid or aspartic acid derivatives of chlorine-substituted phe-
noxyacetic acids (3, 4, 5, 11); all three optical forms of aspartic acid
derivatives of these acids were successfully prepared.

Difficulty was encountered in synthesizing both D- and L-threo-
nine derivatives of 4-(2,4-DB) and 4~(MCPB). Repeated unsuccess-
ful attempts were made using Schotten-Baumann amide coupling
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techniques described for IV above. Finally, by this method small
amounts of the D- and L-threonine derivatives of 4-(2,4-DB) were
obtained after failures with the Ronwin method (8), the Carter et al.
method (1) and a number of variations on these procedures. It was
first thought that the L-threonine derivative of 4-(2,4-DB) was a
lactone due to the close check of an elemental chlorine analysis
with the calculated value for a lactone. The compound therefore
was supplied at this stage of purification for biological evaluation
along with the other members of these two series. However, nitro-
gen analysis performed at a later date failed to confirm lactone
formation. Further purification gave the desired product, giving the
data presented in Table 1, which are for the highly purified product.
Biological evaluations made on the impure compound will be inter-
preted in the light of the presence of a small amount of the phenoxy
parent acid contaminant.

The preparation and identification of the D- and L-threonine
derivatives of 4-(MCPB) will be the subject of another report since
this chemistry became somewhat involved. The chlorine and nitro-
gen analyses data support the formation of the desired compounds
but with one less molecule of water. This water was formed by the
loss of the hydroxyl group of threonine and a hydrogen atom from

its terminal methyl group resulting in the formation of a terminal
double bond:
R—CHOH—-CH; —H,0 R—CH=CH,.
: _

Since the completion of these studies threonine derivatives of
phenoxy acids-in general have been found to possess moderate water
solubility which may account for the low yields experienced when
Schotten-Baumann procedures-have been. used.

SUMMARY

1. Thirty-eight new amino acid derivatives, 19. of 4-(2,4-DB) and
19 of 4—-(MCPB) have been synthesized and their properties studied.

2. Both 4-(2,4-DB) and 4-(MCPB) formed amides with the D-, L-,
and DL- optical forms of alanine, leucine, methionine, phenylala-
nine, threonine, and tryptophane.

3. Unsuccessful attempts were made to prepare the optically active
aspartic acid derivatives of both 4-(2,4-DB) and 4-(MCPB). DL-
asparatic acid did form an amide with 4-(MCPB but not with 4—(2,-
4-DB).

4. g and L-Threonine formed unique compounds with 4—(MC-
PB) involving the terminal methyl group of threonine in the forma-
tion of a double bond. ’

5. Most of these amino acid derivatives of the phenoxybutyric
acids were readily prepared and analyzed and possessed sharp melt-
ing points; hence they may be useful in the characterization of
amino acids.

6. Biological evaluation of these compounds as selective herbicides
is being conducted by other investigators and will be reported later.
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Some of the compounds are also being evaluated as estrogens,
fungicides, insecticides, and anticancer agents.
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